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The natural order parameter, incorporating the universal behaviour of quark
matter near the critical point, is given by the classical behaviour of an isoscalar
eld (-eld) in 3d with zero mass at the critical point. The uctuations of the
-eld manifest themselves as density uctuations in the pion sector and can
be detected in heavy-ion experiments, especially in low multiplicity events
3
.
Fluctuations of the same origin are expected to appear also in the net-baryon




) an equivalent order parameter is
given by the dierence of the net-baryon density () from its critical value,
hqqi  (   
c
). This new order parameter obeys the same scaling laws as
the sigma-eld, dictated by the critical exponents of the 3d Ising system ( 
1
3
; Æ  5;  
2
3
;   0). Approaching the critical point (T ! T
c
), the order
parameter m(~x) =   
c



























) and terms of order O(t
+2
) have been neglected.
Eq.(1) describes the critical behaviour of the net-baryon uid, conned along






in the transverse space. The order parameter m(y) is associated
with the net-baryon rapidity density n
b
(y) produced in a heavy-ion collision
(A+A). If A
t
is the total number of participants in such a collision, equation
(1) leads to the following scaling law in the neighbourhood of the critical point,
























































































The constants C and G give a measure of the non leading term F
1
in eq.(1)






(x)dx) and they are xed by the measurements of net
baryons at the SPS. In fact the trend of the data suggests the existence of a
critical point (
c
 0:8) near the chemical potential of S + S central collisions
(Fig. 1).
The condition for a given experiment to reach the critical point, turns out






. At RHIC, this condition gives n
b
 15 and A
t
 165
whereas at the SPS the corresponding values are smaller, n
b
 5 and A
t
 30.
As a result, the critical point may become accessible at RHIC with Au + Au
collisions whereas at the SPS it can only be reached in collisions of medium-size
nuclei (S + S, Si + Si).
3 Critical uctuations
The net-baryon system, produced in a particular class of experiments with
heavy ions, develops strong critical uctuations in rapidity density if the con-
straints, discussed in the previous section, are satised. The origin of these










































where Æ is the appropriate critical exponent at T = T
c
(Æ  5) and Æy the
size of a critical cluster. The manifestation of -uctuations in phase space,





) and the net-baryon sector. At RHIC, the detection of uctuations
in the pion sector is not easy because the multiplicity in central collisions is




 150) in each event
3
. Therefore the measurement of
net-baryon uctuations becomes a superior proposal for RHIC, in the search for
the QCD critical point. In order to reveal the nature of the critical uctuations



































































for each cluster is saturated by instanton-like congurations
5
which for Æy  Æ
c




































, according to the
geometrical description of a critical system
5
. The dimensionless parameter F is
of the order 10
2
and the size Æ
c





), is of the order of
one (Æ
c
 0:35). As a result the global baryonic system (at RHIC the size of the
system is L  11) develops uctuations at all scales in rapidity since the direct
correlation (5) propagates along the entire system through the cooperation
of many self-similar clusters of relatively small size. We have quantied this
mechanism in a Monte-Carlo simulation for the conditions at RHIC, associated
with the critical point (L  11, A
t
 165). In Fig. 2 a typical event of net
baryons at RHIC is presented, together with the corresponding intermittency
pattern
6
revealing the nature of the critical uctuations in rapidity. The




 0:18) is close to the
value d  d
F





) expected from the universality class of
the critical point. It is of interest to note that a stronger intermittency eect
is expected in two and three dimensional events.
In Fig. 3 the inclusive distribution of net baryons is illustrated, built-up by
10
3
underlying critical events. As expected, an extended plateau is generated
in rapidity with height n
b
 15, in accordance with the diagram in Fig. 1.
In conclusion, we have argued that a sharp signature of the QCD critical
point at RHIC, consists of the following phenomena in the net-baryon sector:
 An extended plateau of net baryons in rapidity with height n
b
 15




The absence of these phenomena at RHIC (Au+Au,
p
s = 200GeV ) would
indicate that, in these experiments, quark matter approaches the critical point
in a state far from thermal equilibrium.
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Figure 1: The diagram showing the proximity of heavy-ion experiments to the critical point.

































Figure 2: (a) The net-baryon uctuations in rapidity space for a typical critical event. (b)
The rst three factorial moments for the net-baryon distribution in rapidity corresponding
to the event shown in (a).
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Figure 3: The inclusive net-baryon distribution in rapidity for 1000 MC generated critical
events. The parameters in the MC have been chosen in accordance with the conditions at
RHIC.
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